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REMARKS 

At this time, applicants thank Examiner Mertz for her 
time and consideration in discussing the present application with 
the undersigned on several occasions. 

Claims 89-91 and 113-116 are pending in the present 
application. Support for the changes to claims 89-91 are 
supported generally throughout the specification. In particular, 
support may be found in the present specification at pg . 48, 
third full paragraph. Claims 89-91 have also been amended to 
address an informality found within the claims. Support for 
amended claims 113-116 may be found in the present specification 
at pg. 49, third full paragraph. Claims 1-88, 92-112, and 117- 
118 have been canceled. 

In the outstanding Official Action, claims 89-91 and 
101-106 were rejected under 35 USC 112, first paragraph, for 
allegedly not satisfying the enablement requirement. This 
rejection is respectfully traversed. 

In a non-narrowing amendment, claims 89-91 recite a 
method for culturing blood precursor cells and/or hematopoietic 
stem cells in vitro, comprising contacting said cells in vitro 
with Stem Cell Factor (SCF) and a recited serrate-1 peptide. 
Claims 113-116 recite a method for culturing CD 34 positive blood 
precursor cells in vitro, comprising contacting said cells in 
vitro with SCF and recited serrate-1 peptide. While applicants 
believe that the present non-narrowing amendment obviates this 
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rejection, applicants do not disclaim any potential applications 
(e.g., suppression of colony formation, proliferation, 
differentiation, etc..) for the claimed methods. 

As to the cells utilized in Example 10, applicants 
submit that one skilled in the art would understand the scope and 
meaning of CD34 positive cells are stem cells. Accordingly, 
applicants submit an article with the present amendment 
explaining the structure, biology, and clinical utility of CD34 
(KRAUSE et al . , pgs . 8-9). 

Thus, in view of the above, applicants respectfully 
request that the rejection be withdrawn. 

Claims 89-91 and 101-118 were rejected under 35 USC 
112, first paragraph, for allegedly not satisfying the enablement 
requirement. This rejection is respectfully traversed. 

As noted above, claims 89-91 and 113-116 provide that 
the recited cells are cultured with SCF and the recited peptide. 
The claims do not exclude and applicants do not disclaim the 
possible presence of other compounds with SCF and the recited 
peptide. As a result, applicants respectfully request that the 
rejection be withdrawn. 

In view of the present amendment and foregoing Remarks, 
therefore, applicants believe that the present application is in 
condition for allowance at the time of the next Official Action. 
Allowance and passage to issue on that basis is respectfully 
requested . 
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The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 25-0120 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

Respectfully submitted, 
YOUNG & THOMPSON 




Philip DufcJois, Reg. No 
745 South 23 rd Street 
Arlington, VA 22202 
Telephone (703) 521-2297 
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APPENDIX 



- Krause et al, CD34 : Structure, Biology, and Clinical 
Utility, Blood Vol. 87, No. 1 (1996). 
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REVIEW ARTICLE 

CD34{ Structure, Biology, and Clinical Utility 
iy Diane 6. Kreuao, Mary Jo FatWor, Curt l. CiVIn, and W. Stratford May 



CD34 IS A surface glycophosphoproteln expressed (in 
developmentally early lyrnphohemswpoiciic stem aid 
progenitor ctlls,'"' snuINvtual endothelial cells, 0 and et»- 
turyonie flbroWastt." CD34* bone marrow (BM) cells ocdh 
priM only 1.5% of marrow mononuclear cells, bat contain 
precursors for oil lyrophohemstoooiedc lineages, as evi- 
denced by Ui» Boding tbit CD34* cells purified from mam w 
can reconstitute hematopenaia of primates, humans, or aim 
undergoing autologous marrow rdftfualon. after myeloablt- 
tlvc therapy (BM traiMplaM 1 '" 1 ). CDS4* hematopoietic 
cells Obtained from marrow or Mood ire In clinical use ~n 
transplantation tad gene therapy stadias* including ongoirg 
attempts to =»pand hraalopoletio stem/progenitor cells •* 
vivo. Despite the inmottanae of CD 34 as a marker of ear y 
hematopoietic stem/progenitor cells in experiments! arid 
clinical hcm&topoitiis, the function of CD 34 if not yet clear. 
Became of It* potential role In tuch fundamental processes 
as hematopoietic stem/progenitor oeU devdopmeni and li> 
fl animation, studied on the regulation and function of OD34 
are being pursued in several laboratories. 

Recant experiments on the function of CD 34 indicate cast 
CD34 expressed on endothelial oelle may play a role in 
leukocyte adhesion and "homing" during the inflammainiy 
process, end it has been hvpotiwiized(hatCP34 plays a role 
In stam^xogemtar cell inr«n»«n«i^Wi«.Uh j„ the BM.* 1 "" 7 
CD34 may also be involved in maintenance of the hemato- 
poietic ^em/progenitor phenotypc" This review wlD con- 
centrate oa our current knowledge of the expression, struc- 
ture, nmilatJoB, function, and clinical utility of the CD3* 
molecule, 

CD34 MONOCLONAL ANTIBODY (MoAb) DISCOVERY 
AND EXPRESSION OP CDS* ON HEMATOPOIETIC CBLLB 

CD 34 was discovered as the result of a strategy to develop 
antibodies that specifically recognize small subsets of rumum 
marrow cells, but net malum blood or lymphoid eells.'-** w 
The first CT>34 antibody. My 10, was (he product of a hybtv U 
oma generaied from a mouse immimized with (he KOla 
myeloid leukemia cell line'* CD 34 antibodies specifically 
detect an average of only IJ% of lo^-dcusity mooonuclnir 
eells from BM eqrirBma of normal donom. ,M la contrail, 
dtere U less than 0.596 CD34 labeling of peripheral blood 
(PB) cells." The CD34* cell population from normal human 
BM is enriched In morphologic blast cells, in contrast to tt« 
CD34" cell fraction, which contains predominantly recoj;- 



rotable precursor cells at diverse maturadonal atages of he. 
nutopoiesis. 

The discovery of CD 34 is a hematopoietic celtourfece 
antigen has transformed and a cc e le rate d studies into devel- 
opmental hematopoiesis. Inununosfnaity-podfled CD34* 
marrow and cord blood cells are 10- to 100-fold enriched in 
colony-forming units (CPUs), whereas CD34" cell popula- 
tions are depleted. The CD34* cells Include CPU-macro, 
phage (CFU-M), cnj-granulocym (CFL7-G). CFU-OM, 
buistfctming unit*-erythro!d (BFU-E), and am particularly 
enriehed in the earUeet types of eoletty-foftnieg cells, such 
as CFU-mk end CFU-blait," A fraction, of Ibc most manure 
uni potent CPU. such as CFU-E and CFU-O, can be found 
In the CD34~ cell frsctlon. There are two distinct populations 
of CD34* HM cells that differ In their reladve levels of 
surface CD34 expression by flow cytometric analysis.' 1 "*" 5 
The CD34 M * U population contains the majority of the imma- 
ture hematopoietic piogBnitor cells, whereas mo CD34"" 
popularum contains more Imeage-cornmltted pro goal tore, as 
assayed in vino. Hie CD34"*" population is enriched for 
unjpotont progenitors, including CPU-CM, BFU-E. CFU- 
B, CTU-megakaryocyte (CPU-Meg), end even more highly 
enriched for the dcvelopmentally early multlpomarial CPTJ- 
CBMM (CFU-mU), CFU-blast, and long-term culture irtl- 
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listing cella CLT-CIC 7 -"*). The LT-CIC and CPU-bUsi" 
assays tit (bought to be the moat physiologically relevant 
in vteo essays for the putative item c«U, although these cslls 
may be functionally distinct from the true item oell. RecjaBt 
data indicate lhat CD34 li expressed on the population .jf 
pluripoieni pros Bailors that can be enriched from human B?W 
after selective removal (by 5-fluoroaracil treatment in vitro) 
of eomraJtted progenitors stimulated to divide by Interleuklji- 
3 (IL-3) and stem cell factor,* Very immature lymphoid eel It 
are also CD34-*. Cells lhat express termlhtl dooxymiclsotid /I 
transferase, which mark* the stage when lymphoid cells re- 
arrange the Ik (B cells) or antigen receptor (T cells) genes, 
we CDM". 2 " 5 Early CD19*, CD 10" B cells express CD**, 
whereas later CD2Q* B celli are CD34", TaKen together. 
Otis suggests thai CD34 is expressed at high levels on die 
earliest hematopoietic celli and surf (toe expression daoMaun 
to undetectable levela by the stage when maturing hemativ 
poieric cells lose the capacity to form colonies in vitro," 
Tie stage-sped Ac expression of G334 ; n both human end 
murine hematopoietic stem/progenitor cells suggests a poaii- 
del regulatory role for CD34 in (he early phases of develop- 
mental heniaiopoieeis. 

The expression of murine CD34 seems to parallel that nf 
human CD 34 on hematopoietic cells. As with human CD34, 
murine CD34 Is expressed at both low and nigh levels on 
BM ceils. 1 1 CD34 M ' U murine BM cells are enriched in hema- 
topoietic progenitors bS essayed by CFU-OEMM, CFV-OM, 
and BFU-E. lust 200 CD34* BM cells ire capable of Ionic 
term rcconsiiHidon of hemarcpoicsis in letbally irradiate d 
recipients, indicating the presence of hematopoietic Stan 
cells." Additional studies using other antibodies against mu- 
rine CD34 should be p erf orm ed to firmly eatabltth that mu- 
rine CD34 u truly similar to human CD 34 on hemaropoierc 
cells. 

As stated above, BM transplantation (BMT) studies In 
primates, including mice," baboons, 1 rhesus monkeys, 111 and 
humans,* indicate that a CD 34" subpopulation of total BM 
cells can provide durable donor-derived long-term cost 
lymphohcmatopoictie re constitution. Thus, CD34 enablos 
the ldectlScsdan and purifleaiion of hematopoiedc progeni- 
tor cells, by means of a single reagent- Definitive proof dui 
CD 34 is expressed on human hematopoiedc stem cells 
awaits the long-terra outcomes of cluneal BNfT trial* using 
CD 34* cell allografts (see below). If the allogeneic donor 
CD34+ population (as opposed to host stem cells) provides 
durable, long-term nralnlutoage lyntphobenutopoiesis in hu- 
mans, this will imply that these cells are capable both of self- 
renewal and multilineage differentiation, and thus satisfy trie 
most stringent definition of the stem cell. 

EXPRESSION OP CQ94 BY NON HEMATOPOIETIC CiLI.ll 
Various tissues and cell Unas have been studied for CDS 4 
expression. Detection of steady-sttte CD34 expression b«8 
been performed either by Northern analysis of total RNA or 
Southern analysis of reverse tmnscriptaserpalymerase cha n 
reaction (RT-PCR.) products. In some cases, Western blotQ>,g 
or irnnranohistoabetnistiy has been performed to detect pro- 
rata expression. A eompUatlon of the published results Is 
Ahown in Table I ■ Jn nddidon to its expression on murine 
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and human bemawpoietlc ittm^progtnltor cells, CD34 it 
expressed by virtually all smell-veasel endoihelUl eeHs. 4 * 1 
Expression of CD34 mKNA bat also been detected la liver, 
spleen, BM, and thymus,* u well as In both fetal and adutt 
heart, lung, skeletal muscle, kidney, and bradr,. 4 However, 
became endothalial cells contained Id these tissue samples 
may be a contaminating source of CE>34 mRNA, CD34 ex- 
pression in the parenchymal cells of there tissues awalia 
confirmation by ■ more precise method, luch u Immunohlii- 
tochemlstry. Using b polyclonal entirnurlne CDJ4 andsenut, 
the distribution of CD34 in adult moos* ttuuei has recently 
been studied." In addition to demoosimtlag strong endolhii- 
lial staining, staining of some noncndoibolUl cells in tfce 
brain and kidney was observed. Although these findings taut- 
oeit thai. CD34 expression may he more widespread than 
initially thought, specificity for CD34 was not shown- Stain- 
ing of neural tissue has alto been observed using a newly 
developed MoAb against murine CD 34 that binds nonglyeth 
ayhued Intracellular COM.** Mom solid lumois an CD 34", 
except for malignancies of vascular origin such as Kaposi i 
sarcoma.*"'" 

CHARACTERIZATION OF CD94 ANTIBODIES 
Aotl-CD34 MoAba wen fittt clustered In the Third Inter- 
national Differentiation Workshop, then more extensively 
categorized In the CD34 cluster workshop of the Fourth and 
Fifth International Differentiation Wcriahopa.'- 10 ''** Sbveq 
MoAbs were studied in the Fourth Workshop 7 ; My 10,' 
6L3CS. 1 12.8 aud 115.2, 9 ICH3.» and TOK3" were rdud 
against the acute myelogenous leukemia-derived KC1 or 
KOIa osll Uoea,** while QBEND10 was raised against hu- 
man placental endothelial cells.* The binding epitopes nf 
each MoAb on the heavily glycosylated CD 34 protein were 
found to be differentially sensitive |d neuraminidase (ft A). 
which cleaves sialic add residues* and chymopapain (CI*) 
or PasuurtUa hsmofytica-dtrivBd giycoprotaase (OP). OP 
teleetively eleaves ilalyleied o-Unksd glycine. Based en 
this, the MoAba have been divided Into three classes. Clans 
I antibodies (eg, MylO, BI.3CJ, 118. ICH3) are directed 
against epitopes which era sensitive to NA, CP and Gl*. 
Class II antibodies are represented by QB5NP1Q, which 
detects an epitope sensitive to CP and OP but not NA. Chun 
III endbodlet include TUK3 and 115.2, whose epitopes ait 
insensitive to these enzymes. Therefore, each class has a 
unique epitope within the extracellular domain or CD34. lo 
one method of CDU* cell puriflcadon, after dsn I antibody 
is used to inurraropurify the CD34~ cells, enzymatic cteav. 
agt is used to detach the cells from the JrrunuaoafHnrry sul»- 
stmte."''* Epitope mapping has been conflrmed end exutndsd 
In the Fifth Wortsshop, to 

Rabbit andmurine CD34 an risers have recently been 
raised.'"' One such antiserum designated Ab 1202 ia di- 
rected against a recombinant fusion protein containing the 
extracellular domain of murine CD34." This antiserum hsi 
bean used to characterize the ram/progenitor cell spaclfleliy 
of CD34 present on murine BM cells. Another antiserum 
dssignawl Ab 1241 is direemd againsi a C-tenrdnal peptide 
contained in the Intracellular region of murine CD34 (BNG- 
TQQATSRNOHSAR"). An antibody (Ab902) to a sirpfttr 
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peptide contained m human CD34 has also been raised." Be- 
eauea ma C-taraanal pspeoa Is pwei ia the fnUenga box 
not the uunuied farm of CD34, this antiserum has been useful 
tor specific detection of the full-Ieajth form of the protein"* 
(Fig 1). A third antiserum raised against murine CD34 was 
obtained by immunizing rabbits wiih a recombinant fusion pro- 
teta comabang the extracellular domain of CD 34 and the Fc 
portion of ItG. u This annaerum has been used to ebaiacterite 
ihe distribution of the CD34 prude expressed on murine endo- 
thelial calls and nonvascular tissues." Hnalry, an MoAb desig- 
nared RAM34 wet recently produced, and is comnwrciaHy 
available.* 1 However, biochemical ehanmiaoon swdjes have 
not yet been reported for RAM34. 

CHARACTERIZATION OP CDB4 GENES AND CM* 
PROTEIN STRUCTURE 

Cloning CDS4 Genet 

Both human and murine CO 34 cDNAjs. as well as the 
corresponding germnfc DNA«, have been cloned/ -4 ' Re- 
cently, canine CD34 cDNA was also cloned.* 1 The human 
and murine genes consist of nine exons (exons I through 8 
and oton X) that arc contained in a 22- (murine) or 27-kb 
(human) region of gsnomie DNA (Fig I). Overall 1he gene* 
axe highly homologous and cvoltmonerUy well-conserved. 
Homology is highest in the Intracellular domain (904 amino 
odd identity) encoded by exon B, and lowest in the N termi- 
nal region of the extracellular domain (4396 amino acid iden- 
tity). The characteristic features of human and murine CD34 
are presented in Table 2. The human gene has been mapped 
to chromosome lq32 (Table 1 ).**■" Murine CD34 is also on 
(be long arm of chromosome 1."* Interestingly, the human 
lq32 region contains several genes encoding adhesion matrix 
and complement cascada-blndlne molecules, such as LAM- 
1/QMF140, laiolnuT 02, and the RNA gene ejustor. 4 ** 1 Too 
generic coloeallzation of CD34 with adhesion molecules sug- 
gests potential coordinate regulation of expression, and 
therefore may have functional relevance. Despite the fact 
that CD34 1b expressed in a high proportion of acute Icuke- 
miaa, neither raamuiaemenr, of the &>34 locus nor point 
mutations have been reported In any malignancies. 

CD34 SpUct Variants 

There are two species of CD 34 mRNA, derived from an 
alternative splicing mechanism." * One apeclet cos taint ex- 
ont 1 through 8, and encodes bo fun-length rnotein with an 
Intracellular region comprised of 73 amino adds (Fig IA 
and B). The resulting full-length human and murine proteins 
am predicted to contain 385" Sil and 3S2 iA1 amino acids, 
respectively. The splice variant results from the insertion of 
an additional exort (ia, exon X, which is 194 hp in the human 
or 13d bp in the murine genes) between exona ~i and 8- Exon 
X introduces a. stop codon and restdu in lite translation of 
a protein with a shorter cytoplasmic domain comprised of 
just 16 amino acids. Therefore, while the lnnaceUular cyto- 
plasmic domains differ, the extracellular regions of the two 
forma of CD34 are predicted to be Identical. Thus, any differ- 
ential funcdon between these two forms of CD34 would 
likely result from dixTeroneea in their respective cytoplasmic 
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rmcfunton* resulting: In trenstetlon ef ■ futUonath 
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ttil regions. For example, (he truncated protein lacks paten- 
ts target sites for protein kinase C (PKC) that are presen 
in the full-length CD34 protein. Both forms of the CD-14 
protein have been identified in murine twd human cells." 
Both the full-length and truncated human CDM proteins 
appear to have a mobility of approximately 1 16 kD on den 
lured polyscrylomlde gel electrophoresis. Although ihc it I- 
ativ« mobility of murine CD34 varies slightly depending tm 
the cell type in which it is expressed, the AilUlength form is 
approximately 1 1 0 fcp. and the truncated form has a moblll :y 
or approximately 100 kD." 

Normal human" and murine (MJ.F.. W.S.M.. unpul>- 
lUhed findings. October 1003) BM cells contain both fornix 
□rihe CD34 tranRcrlpi, ai determined by RT-PCR analysis. 
Although the significance of the two CD34 protein formii in 
not yet clear, preliminary evidence suggests that expression 



may vary according to (he stage of differentiation of CD34' 
hematopoietic cello (MJ.P_ W.S.M., unpublished observa- 
lions. October 1993), If the cytoplasmic domain plays a role 
in cell signaling, then a change in die ratio of the full-length 
to the truncated protein and/or the exclusive expression of 
one or the other form might modulate this effect of CD34. 
Interestingly, in purified CD34" leukemic blast cells isolated 
from three patient* with acute myelogenous leukemia 
(AMD. only the mRNA species encoding full-length CD34 
was expressed/' The significance and generality of min find- 
ing Is not yet dear. 

Predicted Structural Features <ifthe CDS4 Protein 

CD34 la a heavily glycosylated type I transmembrane pro- 
tein that U a member of ihe siatomucln family of surface 
molecules (see Table 2 and Fig I). Bused on the predicted 



'06!2006$ 5fl 31 B?f 1($29ft :l»#Sffill 3ffi:ASAHI KASE1 PAT. NO. 41 32195 P. 8 P- 07/15 



am review 



Tabte B, COM Chsreetefhnfas 




Hum i^i 


Mnrlm 


MFC/nan colli 






VaaauUr mdntnlial 






a Da 






Bwln end rente 






mRNAlangVi 




2.14.7 Kb 


riRNA spiles variinta (73 




+ 


V 1* M) 






Pretaln product! ipflca 






wlants 






Qanemle organiiatlan 


8 MOM * X (7.6) 






•XOfl 


(7J1 men 


Chromosomal loenlon 


iqU 


1 


PfWflOMd 1' MqUnncs 


381 39 KO 


W4U, I»W» 


Immune pi Rb, 




■t- 


M,508-PAaE 


10B-120 kD 


Bft-kDtotrn 






105-11S+O 






Harm 


M, neuremlnldeta 


160 kO 


UMBO kD 


treated 






fredfeted 


PKCMICGXII, 


KC QGK, CM, 


phosphorylation ihn 


CilK 


CslK 


GlycOtylHtd (N., O- 


+ 


■* I? N-,0- 


linked angare) 




linked) 



Abbreviation ■: u amino add*; Immunopi ah, Immunoprtdpluo- 
ieo BtnlhootM avtuaut. 



amino arid sequence, the CD34 protein shows no strong 
homology to other pro wins ennendy entered into ibe dau- 
base. No tnzym&xlc domain motif is found In the CD24 
amino aoid sequence, apparently eliminating a rale as a pnv- 
win kinase or phosphatase. However, seven! small domains 
within CD34 have homology to known proteins. 
• Beginning at the NHj-tornlmus, the heavily glycosylated 
extracellular region of CD34 it tinnier to thai of lenkoiMin 
(CD43), a hematopoietic cell-speclnc sialoglycoproteln oil- 
pressed by both human" and murine** leukocytes- CD43 
appears to play a sob in bom adhesion and cellular aodvii- 
don. but lis precise ftincdon it not yet known. Interestingly, 
both CD34 and CD43 are substrates for phosphorylation ty 
PKC,'""* suggesting a possible role for bom molecules in 
transmembrane signaling. Other structural feature* shaitd 
by CD 34 and known praorins Inolnde elrallaritiea between 
the N-tenminal glycosylated regions of GD34 end CD45, tie 
leukocyte common antigen and a protein tyrosine phosphii- 
tase." CD34 also displays weak similarities to cell edhesicn 
molecules. Including LAM- J," ELAM-1,* and membrare 
enactor proteins (MCP). 9 ' The extracellular sequence ut 
CD34 contains two minimal putative adhesion recognition 
sequences* 1 (Pig 1). The first corresponds to (he VTXO so- 
ouenee contained in thromboepondm and drcunsporoKnio 
proteins that are modular adhesion glycoproteins to which 
Cellular receptors may attach." ** The other poantial aahit- 
alon sequence has partial homology to a 10- amino aoid n> 
gion (ie, R NIAEII KDI) contained in the ft-chain of the 
mouse basement membrane protein, Uznlnln." 

The extracellular region of CD34 ha* several potendiil 
sites fere glycosykrlon. Them ere six to nine acceptor dti ■ 
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(NXS/T) for N-linked grycans, and thia region it also rich 
in serine and threonine residues (U\ about 35* of the com 
pro»in a '*'' 4 " d >, consistent with the known extensive O- 
linked glyeosyiatlon of the CD 34 protein. How gjycosylation 
contributes to the function of the CD34 molecule ia not clear. 
O-glyoosyladon tenders seme premies relatively resistant 
to protease*,* 4 and the CD34 protein ia highly stable. 1 "''" 
Furthermore, glyean chains with over 20 sugar residues are 
often present as eensdmonts of made adhesion proteins." 
CX>34 is a «ja]omttcin with heavily sialylsted glyean chains. 11 

The extended bulky Cosfbrffiadoos of these glycan-rieh re- 
glona an postulated to provide an extended scaffold on 
which sponfie recognition iatereetione may occur. 

A cysteina-rich region in the extracellular domain e n coded 
by exou 4 and 5 ie homologous to that of members of the Ig 
miperfamlly. In ihla region, which contains six approximately 
evenly spaced cysteine residues,' folding and compaction of 
CD 34 may occur to yield e more globular itructore, as ie 
the oeee with Igs (Fig ))• 

Proceeding wwaid the carboxyl-teroiinal region of CD34, 
exon 1 encodes an hyoVonhobie stretch of 33 amiDO soldi 
oonsltUnt with a single transmembrane domain character!** 
dc of the type Z transmembrane proteins (Pig 1 ),* , * , " M Finally, 
the cytoplasmic region of CD34, encoded by exons 7 and 8, 
eonuini the highest degree of sequence limQiruy between 
human, murine, and canine CD34, within this region, there 
is greater than 90$ amino arid identity, and approuraately 
92ft nncleoiide identiry. wl ' 4> Sueh a high degree of conser- 
vation strongly suggesta an Important fiino&on&l role. This 
region contains seveial known or potential protein kinase 
phosphorylation target sites, including two for PKC (R/K- 
Xm-S/T-XhR/K) and one for OSK-3 (SX«S) (Pig U Hu- 
man CD 34 «tm be ntmsnharyleted to high eeriofalometry by 
activated PKC, farther suggesting runcdonal relevance for 
these Pit sites. 1 * Similarly, treatment of CD34* murine cell 
lines with (he phozbol ester 12-0-tetredecacovl-pharbo].13- 
acetate (TPA) rapidly induces pbosphorylatioa of murine 
CD34," In response to activation of PKC, normal human 
marrow CD34* ceDa and neonatal cord blood-derived human 
KMT2 cells rabidly upttgulatc surface CDJ4." 

REOULATION OP CD94 GENE EXPRESSION 

Tnoscrtptlewi Regulation 

Raguletlon of me expmtiloB of CD 34 oeeure at both (he 
transQiptipnsl and peeonnseriptiona] levels, although the 
mechanisms involved are not yet known. Nuclear run-on 
studies provide evidence that CD 34 is regulated at the level 
of transcription.* 1 In these studies, CD34* cell linos initials 
transcription, whereas severe) CD 34" cell lines tested have 
low levels or absent transcriptional Initiation, of (he CD34 
gene. The transcription start site has recently been identified 
In both the human and murine genes."'-* 9 * 7 m the human 
gene, the 5' UTR Is 258 bp long.*' while In the murine 
gene It it 84 to 120 bp long 17 (D.S.K.. W.S JA, unpublished 
findings, February 1994). The CDM promoter region of both 
specks lacks a classic TATA or CAAT motif. The genomie 
sequence upsneam of the transcription Stert site contains 
consensus binding sites for several potential ctr-acting DNA 
elentents, includhig myb, myc, els, and imf-l.** 1 ""* 
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e<Myb 1$ expressed predominantly in hematopoietic 
cells, while c-myc is expressed in most proliferating cell 
types- 70 Both gene products ate known to play an esgentiiii 
role In noma] hemiKopowtio growth and development. 71 - - 
The o-myb gene product traniacdvetei the human CD34 prc<- 
motcr " Potential physiologic activation of CD 34 by c-myb 
has been shown to occur in 8 CD34" glioblastoma cell lines, 
in which endogenous CD 34 expression could be Indwed ty 
tbroed expression of exogenous mye. 75 Consistent with thiti, 
murine CD34 mWA and protein levels are also increased 
in a murine Ml leukemia ceD line ovcrexprttssmg rnyb 
(Krause DS. Ho/rman B, May WS, unpubllihed flndlngn, 
April 1995), However, in some cell* (e(. HUSO cells), myb 
is expressed at high levels, but CD34 cannot be detected ut 
either the mRNA or protein level." Furthermore, myb null 
murine embryonic stem cells, in which myb expression hi ■ 
been ''krawtodSout'" via gene targe line.™ show noraml 
CD34 transcription (Kraute OS, Mueentld M, May Wil, 
unpubllihed results, April 1995). Therefore, tnuueriptlotuu 
regulatory factors other than c-myo are clearly necessary, 
and o-myb Is not required for CDJ4 expression. 

Recent evidence arrows that the tts~Z transcription faetee 
can tranaaetivate human CD34 transcription independently 
from myb. 75 PreHmlnnry data indicate that MZP-I, a zinc 
finger protein that is upregubtBd during myeloid dirTerenus,- 
don,** can bind to and regulate transo notion from the humah 
CD 34 promoter, 7 ' Within hematopoietic cell lines, MZP-I 
activates CD 34 expression and may function to maintain 
CD3+ expression in myeloid progenitor cells (J. Morris and 
R. Hromac, pereonai communication, June 1995), The phys r 
©logic role and mecnanjsm(s) for regulation of CD34 rrari- 
scrlpdon clearly need farther elucidation- Additional tran- 
acrlptton factor* are likely be involved and may include 
those having putative DNA binding elemenu loeaied In the 
upstream region of me CD34 gene, such as myc, SP-1." C- 
BBP. and Pu.l." 

Transient nnsfectlon analyses using reporter ooeatnicu 
made with different regions of the upstream genomic DNA 
of the human CD34 gens have identifled crr-acting olernws 
required for transcriptional regulation*' 17 ' These upstream go- 
nerinic sequences can drive CD 34 gene transoripdon in both 
CD34" and CD34* cell lines. The mccrubiiem that accounts 
for the absenee of CD34 transcription in negative ceU Urns 
appears to require DNA sequencer from the 3' end ofthe gene 
(see below). Regulation of CD34 transcription may occur as a 
result of changes in chromatin structure.''' DNase hypersenst 
tlve sites are thought Co represent ttnwvntf changes In tf,e 
chromatin and are often specific w cells in which the adjacent 
gene (a expressed. DNaae hypersensitive ragioos within 9 kb 
of the human CD34 gene have been identified, h addition to 
the DNase hypersensitive regions within rite pmffioter region, 
addition*] sites are located approximately 3 kb upstream,'* 
within Intron 1," and at the extreme 3' end of the gene, 7 ' Tic 
3' region may be critical for CD34 tranacription regulation, lis 
it appears to contain a eell type specific enhancer that inereasts 
reporter gene activity in CD34* but not CD 34" cell lines.' 7 
Differences In DNase hypersensitivity in CD 34" eornpand 
with CD 34" cells have not yet been shown. An enhancer in 
die murine CD34 gene has also been Identified by DNase I 
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hypersensitivity.* This region, located 3 kb upstream of the 
tranala d onal start sire, acts as an enhancer apparently only when 
Incorporated into The chromatin of CD 34' hematopoietic cell 
lines. 

A potential mtchardsm by which CD34 transcription may 
be repressed in CD34" cell lines is by DNA merhytadon at 
cytasine residues located 5' of guanoslne residues (CpG). A 
CpO-rioh region or island in the human CD34 genomic DNA 
at the exon I -Intron 1 border has been found to be hyper- 
methylated in two CD34* call lines and unmethylated in 
two CD34" cell lines. 7 ' No further details are yet available 
concerning this intriguing potential mechanism for transcrip- 
tional regulation, 

PosnnnjKriptional Regulation 

CD34 expression may also be regulated posttranscripdon- 
ally. The initial data suggesting thai human CD34 is ragu* 
laud at the posnranscripuonal level were obtained using the 
KG I a human leukemia cell line,'" Induction of monocytic 
differentiation of KOI a cells using 1FA resulted in deatabill- 
Ztttion of CD34 mRNA. The half-life of the CD34 transcript 
decreased from 4.5 to 2.25 hours, Destabilizadon of the 
CD34 mRNA could be due to the presenc e of multiple copies 
of en ATTTA (murine) or an A J i l l i A (human) modf In 
the 3' UTK.'"''" M Such AT-rich sequences are commonly 
associated with mRNA instability." 1 Although the uteady- 
state level of transcript was decreased in these KG I a cell*, 
there was no apparent change in the surface expression of 
CD34 over the 48-hour time period in whieh this study was 
performed, consistent with, the foci mat die CD34 protein 
has a long haif-Ufo. 1 "'- 5 * Therefore, in studieB of CD34 ex- 
pression, a decrease in the steady-Hits level of CD 34 mRNA 
may not immediately load to or correlate with a decrease In 
CD34 protein, 

An addidonal poiRruicriptional mechanism that may re- 
sult in the inhibition of CD34 expression results from aborted 
transcription. Using nuclear run-on assays, aborted transcrip- 
tion has been shown to occur m some CD3*~ cell lines.' 1 * In 
both the murine and human CD34 genes, the 5' untranslated 
region (UTR) of exon 1 immediately upstream from the 
translations! start alia Is » fJC-rich region that Is predicted 
to have extensive secondary structure, including mat for u 
stem loop,** 1 "* 3 The stem-loop structures predicted to occur 
In both of these species may play a role in the regulation of 
either transcription or translation," Since a stem-loop hairpin 
structure located in the 5' UTR of certain eukaryotic genes 
has been shown to be able to repress translation of some 
mRNA species," such secondary structure in the CD34 gene 
may have an analogous effect on CD34 expression. Such a 
meohtnism could help explain the persistence of the CD34 
transcript in the Absence of protein in rfaVgC cells after 
culture In vitro. These cells rapidly lose surface expression 
of CD34 even though CD34 mRNA can sdll be detected.'' 
Thus, muldple rneehanlsrns must be responsible for s com- 
plex process resulting in the physiologic regulation of CD34 
expression. 

Kagutamn qf CDS4 Localization 

There are IrtrxaoaUular stores of CD34 protein that car) be 
translocated to the plasma membrane in response to extraeei- 
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lulu signals." Activation of PKC Induce* rapid upregulatioa 
of CD 34 surface expression In normal human BM cells snd 
Ia the neoaatal cord-blood-derived cell line, KMT2. Has 
process occurs within minutes, and is independent of CD34 
transcription or ntw protein synthesis, lndlcadng thai uprej,- 
ulstion Involves the translocation and recnritmeni of prsi- 
fortned Intracellular stores of CD34 to (he cell surface. Act • 
virion of PKC, by TPA or bryostsdn, Induces stoichiometric 
phosphorylation of CD 34 at a specifle PKC consonant die 
contained in the cytoplasmic sequence of die foil-length 
CD34 (ic human aer 374 ,fcM ). A specific inhibitor of PKC 
NPC M wu able to abrogate both ttyperphetphctylerion and 
uprcgoletlen of surface CD 34, further indicating a function^ 
consequence of CD34 p ho sp ho rypuion. 

Curlouslyt tome CD34' cell lines apparently do not din- 
ploy more surface CD34 eAcr TPA treatment, although 
CD34 li still hyperphosphoryltted. In these cells, perhafs 
r» intracellular store* of CD34 exist, and virtually all of the 
cellular CD34 it already expressed on the surface. Alteraii- 
tlvely, an accessory phosphoprotein may be required fur 
upregularion of CD 34. A role for CD34 phosphorytatiort 
in a transmembrane signaling pathway, independent of tn 
upregulariee mechanism, may extat PDGF and/or CSF 1 
(M-CSF), ia HL60 end NIH-3T3 cells, stably tmnsfectcd 
with exogenous human CD 34, induce rapid pbosphoryliricn 
of this human CD34." However, to date a physiologic medi- 
ator of CD34 upregukuion (eg, a growth factor or cytokine) 
in CD 34* progenitor/stem calls has not been identified. 

Surface expression of C3334 on primary human vasculiir 
endothelial cells (HuvgQ la completely downragulaicd 
after freshly isolated celli rmdargq several population dou- 
blings in vitro. 19 However, when these same cells are inmlt- 
■tcd from pro lifer* tins, by hlgh-denaity cell contact, they foil 
to downregulate CD34. These data link expression io 
proliferation and/or cell-call tnteracdons. Furthermore, treat- 
ment of the HuVEC cells for 3 days with the inflammatoty 
mediators IL-lfl, mterfsraa-y .(IFN-y), or tumor necrosis 
fecior-i* (TMF-a) induces upregultaon of the adhesion molts, 
cule ICAM- 1 and downregiilaiion of CD 34 nvRNA. Reclpm- 
eal regulation of these molecules indlmotly implicates CD3 4 
In a cell adhesion process, at least In endothelial cells. 

Continued efforts to einsldate the regulatory mechanisms 
and identify the faeieA» involved in control of CX>34expret- 
sion should provide important insights into how genes e!t- 
pretied tn developmentally early stem/progenitor cells aie 
regulated during the proeeikea of self-renewal end dlfrercntl- 
adon. Such knowledge should fscUiraiB attempts 09 optimise 
itralsgles for BMT and gene therapy with 3 tern/progenitor 
oelU. Such findings are also anticipated to help fill in the gaps 
in our knowledge concerning the fundamental mechanlsmOO 
involved in the deregulation of genoj expresBed In hemsti>- 
poietlo maligaanciei. 

POTENTIAL FUNCTIONS OF CD14 

Despite its use tor setecdos of hematopoietic proflBoiun- 
and stem cells, the Amotion of CD34 has remained elusive. 
Stadias identifying L-se lectin as a Ugand for CD 34, aid 
CD34 overexpreaslon e*pcrtmMts in hematopoietic cells Lss- 
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dicate- a role for CD34 In ceil adhesion and Inhibition of 
heraaiopoicsis, 

Crll-Cetl Adhesion 

Specific eeUuhr adhesion and migration of hematopoietic 
stem/progenitor cells Is likely to bo required for both embry- 
onic harnatopolBdc development as well as the dynaalo reoe- 
pttnladon of hemainpojesia that occors dolly In the adult BM 
compartment. Thus, severs! laboratories are pursuing the 
interesting hypo thesis that CD34 is Involved in adhesion of 
hematopoietic cells to BM stroma. A role for CD 34 In adhe- 
sion has been theorized because, like other known adhesion 
molecules, CD 34 is a heavily glycosylated, surface sialonru- 
ein, 12,1 ' and COM* hematopoietic cells given intravenously 
are thought to be able "borne" to me BM compartment for 
their development after BMT.**" L-seleotin., the lymphocyte 
homing receptor, binds to both OLYCaM I and CD34 pres- 
ent on murine high endothelial venule (HBV) cells In die 
lymph nodes. B L-wltcdn was shown to bind dlracdy to 
GLYCAM 1 as a result of a prottln-proteln Interaction, and 
its binding to CD34 was found to ha sialic acid specific and 
Ca J " -dependent.' 1 " However, to dare the L-eetecdn eta"- 
mcric protein has not been reported to bind to CD34 present 
on either non-HBV endothelial dunes or hematopoietic pro- 
genitor cells. This suggests that differential gtyeoiyladoa of 
CD34 across cell types may affect adhesive Interaction! with 
LrselecrjA as well as other molecules and cells. Alternatively, 
the presence of different accessory molecules similar to 
QLYCaM I may be required. 

These studies raise the interesting possibility thtt mirrow- 
derived CD 34* hematopoietic stem/pcogerdcor cells may lo- 
calize to the marrow compartment as a remit of binding to 
an L-selectin-liko molecule. Such a "boning" mechanism 
might mimic the muldsrep process identified for leufcooyie- 
eneetbellal cell interaction*." The first step, uddaang cell, 
cell Interaction!}, is envisioned to require interaction between 
CD 34 and aa L-eelectln-Uke molecule, and the second step 
would involve stronger binding of an integrra molecule (eg, 
VLA-4) 00 the CD34* cell to its ligand (eg, VCAM-1) oa 
the marrow stroma, This might create a stable intsraetlan 
between circulating stern/progenitor cells and the BM capil- 
lary cndotbolium. The itero/progenltor cells, now halted in 
tlieLr circul&doa, may mea pau through the endothelial layer, 
adhere to the BM extracellular stromal matrix, and undergo 
proliferation and rnanimrioe. Supporting this theory, prelimi- 
nary results have shown thai murine thymocytes displaying 
high levels of human CD 34 ear) selectively adhere 10 human 
but not murine marrow stroma." This interaction is due to 
die expression of human CD 34 because normal murine thy- 
mocytes were unable 10 adhere to human marrow stroma. 
Although this intriguing prelimjnwy finding require* further 
study, the Implications with respect to on adhesion function 
for CD34 are provocative. It ia possible that the differential 
glyeoiyl&rion of CD34 mentioned above may affect Its abil- 
ity to bind BM stroma, and thus influence the ccmpartmen. 
laUzation of stem/progeniror cells. 

Hematopoietic Differentiation 

Preliminary evidence petals to a role for CD34 in pre- 
venting the terminal differentiation of myeloid cells, and 
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dim In roaintaiiunf the otUa it an immature hematopoietic 
stage," Whoa murine myeloid Ml leukemia cells an lit* 
flueed to differentiate by «i(ber IL-6 or leukeimo inhibitoiy 
factor (LIF), rapid dowofeguUdaa of endogenous CDS 4 
mRNA occur*," IMi Is followed by differentiation fioin 
blasts to raorpholpgicnlly mature and functionally active 
macrophages. Constitutive expression of recombinant full- 
length hut not truncated mCD34 protein in Ml leukemia 
ccUs was associated with a block In the terminal dlffierentiii. 
don program. The oelii amitad at a morphologically inter > 
mediate stage in differentiation (ie, promonoblast) and failed 
to acquire the functional phenotype of mature macrophages 
(le, phagocytosis"). In contrast, oolla constitutlvely expreetr- 
ing the truncated form of exogenous CD 34 completed die 
terminal differentiation process m response to cytokine in- 
duction. These dan suggest that the full-length and cruncated 
form of CD34, which differ only in the ietraeel hilar eyt«>- 
plasmlc domain region CFig 1), have functionally distuvil 
affects on the dirfaentiaiion program of a myeloid tissue 
culture cell. Thus, downregulatlon of CD3* may be neceir 
sary for differentiation, and the inappropriate or dyeregulaied 
expression of tha fulWength farm of CD 34 in leukemic 
cells" could contribute w their undifferentiated phenmypc-. 

Preliminary RmmUj From CD34 Knockout Mice 

Person il commustcauon from two laboratories that have 
produced CD94 knock-out mice indicate that the mice ate 
viable, and are ebLe to reproduce (L. Lasky, personal oommtw 
nieadoB, November 1994 and February 1995; T. Mak, pe; - 
tonal comrniinieation. August 1994). Hematopoietic hi such 
ajiimslr appears unaffected because PB and BM moiphalagy 
and differencial counts are normal. However, the mice may 
have subtle abnormalities in hematopoicali. Celli derived 
(torn the yolk tee of day 10J CD 34 knock-out embryea 
co main two to three times fewer CPUs ihan normal control;. 
Shnflariy, fetal liver eelle derived from day 14 and 15 en> 
bryog have twofold to threefold fewer CPUs (L. Lasky, per- 
tonal communication, Febiuary 1995). This decrease in 
CPUs suggest)* that there may be a decrease in prosjehlKir 
calls at some developmental stages in the CD 34 knockout 
mice. When adult CO 34 knock-out mice are ■drahuatered 
sublethal doses of irradiation, they recover completely, ind ,■ 
eating that an expandable progenitor obB pool is atJU present. 
The long-term mpopnlarlng ability of hematopoietic progeni- 
tors, from these mice has not yet been deiennhud (L. Lasky, 
personal communication, February 1995). No abnormality 
in leukocyte trafficking was detectable is the GD2& knock- 
out mice. It ii possible tbat a double knock-out of bed) CW4 
and OLYCaM 1 (both ligands for L-seleoin) will affect 
leukocyte Uaffleking and hotting to sites of infection, 

CLINICAL APPLICATIONS OP COS* 

Even though the function of the CD 34 phospbogIycopn> 
tein has not yat been elueidated, clinic el application of CD34 
MoAbs and purified CD34* hematopoietic oells It already 
a large and rapidly expanding field. CD34 is used as a tnarkur 
for leukemia diagnosis and lubclasslfioadoa. as a label fm 
quantitation of stem/pro genUor eelte in blood and marrov, 
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and as a target for immunologic purification of stem/progeni- 
tor cbIIb for clinical transplantation. **" 

Uu of C£>34 in Leukemia Diagnosis and Subdassificantm 

Whether dysregulated expression of CD34 plays a role in 
leufcemogenesis is an Intriguing possibility. Approximately 
40% of eases of acute myeloid leukemia (AML) express 
CD34,' TaMU as do the is vitro assayed colony-forming pro- 
genitor cells in ohronie myelogenous leukemia (CML).*"* 
In AML, CD34 expression la correlated with other biologic 
features. Essentially all AML cases with the t(B;2l) translo- 
cation (French-Aineriean-Briiish [PAB] M2) express CD34, 
HLA-DR, and low levels of CD19. W AML cases with (he 
i(B;2l) karyotype havs a relatively good prognosis. In addi- 
tion, CD34 It coexpreiaed wirh CD2 In most cases of AML 
with the inversion 16 Karyotype (FAB M4Bo)» another rela- 
tively good prognostic AML subtype.* 4 

CD34 is also strongly expressed la a high percent of cases 
of AML with myelodyeplettic feature* and karyotypes, and 
in alkylating agent-assooiaied secondary AML oases.'*" In 
Fact, an Increase In the number of CD34" colls 1b the marrow 
or blood of a patient with myelodysplasia can be used as an 
objective measurement predicting blast crisis.* 7 The subtypes 
of AML associated with myelodysplasia have a poor progno- 
sis. Because CD 34 b expressed both In certain good progno- 
sis and certain poor-prognosis AML subtypes, COM expres- 
sion appears not to be an Independent prognostic Indicator. 
CD34 is also associated with other AML eases with an Im- 
mature phenotype, eg, FAB MI and terminal dcoxynacleob- 

dyl traJJsftrftser ,,- "" AML." It is tempting to classify these 
leukmnias as <. "stem cell leukemias," but the importance of 
this designation is unclear. Far example, it may be more 
important to consider the Observation that expression of 
CD34 in AML Is highly correlated with expression of the 
multiple drug resistance. (MDR) protein.** Furthermore, nor- 
mal CD34 V stem/progenitor ceils have high levels of MDK"* 
and aldehyde dehydrogenase, lw both of which can protect 
oells against antineoplastic chemothsnpy and may be ex- 
pressed by dm CD 34* leukemic counterparts of the normal 
CD34* stem/progenitor cells. 

In childhood B-Imeage ALL. CD34 is expressed In meat 
oases (~70ft) wt is correlated with good prognOeis. ,n '"' 5 
CD 34 \ t expressed in (he minority of cases of T-ltneage 
ALL." Parallallng the selective expression of CD34 on nor- 
mal stem end progenitor cells, CD34 is not expressed on the 
predominant malignant cells In cases of chronic lymphocytic 
leukemia or multiple myeloma, malignancies thought to orig- 
inate in more mature cells, 13 

Use of CtXS4 to QuanHiw Sitm/Progtnitor Cells 

Flow tyrants trie analysis of CD34 immunoiouned mar- 
row prepamlons can help quality eomxol a harvested BM, as 
an additkm to me leukocyte count, morphologic differential 
count, and colony-forming assay results. 10 * -1 " This can pro- 
vide especially important clinical lnformarion after ex vivo 
marrow processing, as It may assure that sufficient numbers 
of stem/progenitor oells remain in the intended transplant 
graft. The advantage of the CDS** call count ever the mar- 
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phologic diffcrwiiaJ count and the colorry-fonning assay m 
its objectivity and precision, with te» than 1 day torn-sround 
time, CD 34* cell counts should become progrtl lively mere 
automated and test expansive la future yean. However, :H 
present the test it not yet standardlied among laboratories. 1 " 
la addition, we do not yet know the minimum safe number 
Of CD34 T BM oeUs needed for clinical engrtftment, and thi 
may vaiy depending on tbs CD34* cell subset composition 
ia * given pideoi (le, a given patient marrow may contain 
a relatively high frequency of CD34*, CD19* B-lyrnphoifl 
progenitors, whloh do net contribute to generation of neutro- 
phils or platelets, Qie cells needed by die patient most ur- 
gently after BM transplant). 

GD34+ blood cell counts aw widely used to decide whin 
to obtain "moblllaed" hematopoietic stem/progenitor cells 
from blood.'"* 1 " to steady sate, normal adult blood contain? 
nearly undetectable CDS4* oelll, but after "mobilkidon" 
with hematopoietic growth factors, with or without mobilis- 
ing ohemocherapy, the pereemage of CD 34* cells may l»- 
ereeseto I * to 5*. The CD34* cell count predlctB the yle A 
of progenitor colli that em be colleae4 by loukapher.*- 
|fj> i»iitii4ju -pjjgfg j, B threshold number of CD94 T blood 

cell* infused to the myotoablared patient, above whltib 
prompt engraftmeriJ or neutrophils and platelets within — l » 
2 weeks after tnuuplantation Is essentially assured. Althoujjh 
difficulties with Inter- laboratory standardization of C3>3<* 
cell enumeration do not yet permit an exact stipulation, the.-e 
ia general agreement that this threshold ia between 0.5 arid 
5 nufflon CD34* mobilized Mood cells/kg patient weight. 1,6 
This threshold will become more precise with the availabilry 
of «andatdi«ed CD34 reagent kits sod spectfle software fur 
flow cytometric quantitation of CD34* cells, at now exist 
for CD4" cell counting. 

Much will be teamed by studying the subtypes of progeni- 
tor cells in the mobilized CD34* cells. Surprisingly, then* 
mobilised CDS4* eeU populations are remarkably more b> 
mogeneoai than BM CD34* cells. After either colory-smtn i- 
ladng factor (G-CSP) or GM-CSF, with or without mobiliv 
tng ehemotiierepy, (be mobilized blood CD 34* sell* 
predorninanily CD34*. GD13+, CD33\ CD38* myeloid p**- 
genltora. There are only tiny, difficult to quenritate EracrioiiR 
of progenitors of other lineages and of the earliest CD34\ 
CD3S" stem/progenitor cells. Bjuremeiy careful analysiit 
will oe required to correlate these minor CD34* cell subsets 
with clinical features snob as prior chemotherapy and rapti- 
icy and durability of engraftmenl. 

Vu of CD34 MoAbj to Purify Stem/fregtnitor Cells 

CD34 i$ currently used to purify normal human stcEif 
progenitor cells for hematopoietic rescue after high«iose my* 
cloablaiiva therapy in patients."* The major advantage itf 
Ct>34* eeU purification is the removal by positive semcnta 
of unwanted cells. As already discussed, outside of the hemv 
lopoiedc lyitem, CD34 is expressed only on endothelial eel Is 
and certain fibroblastic cell types. Similarly, with the e*cc]>- 
don of CD34- endothelial eeU cancers. 91 -"" CDS'* is gener- 
ally not detestably expressed in solid tumors." Over the past 
several years, (here has been a pr ogressive Increase in die 
use of high dose chemotherapy plus hematopoietic rescue 



6 

(la, autologous BM or blood transplant) for advanced solid 
malignancies. There is also Increasing evidence that BM 
aad blood frequently contain occult cancer cells which can 
contribute to relapse after transplant. 1 " Therefore, In patients 
undergoing autologous BM or mobilized Mood relnrWoai, 
the positive selection of CD34 1 Urn/progenitor cells may be 
an effective method of leaving behind or ''reverse purging" 
the graft of occult malignant cells which do not express 
CD 34 (eg, breast cancer, lymphoma*, myelomas, ovarian 
cancer, neuroblastoma and other peditmio solid tumors, 
CD34" lenkemias) and thus reduce (he relapse rate. 0 ""' 1 " 
The question of whether Immunoaffinity purified CD34* 
populations are capable of supporting hematopoietic recort- 
sdrudon in autologous Transplantation is currently answered 
or under investigation for the various CD 34* cell selection 
tr^nologiss.* ,IAIi ' It sr^eara unlikely thai selection 
alone will fully deplete the graft of cancer cells. Although 
the levels of tumor eells in marrow and blood harvests ere 
still being determined, the reported trials with currant CDS 4* 
selection technologies have net yet achieved consistent prep- 
arations of greater than 90% pure CD34" cells, with conse- 
quent ~3 log predicted depletion of tumor cells. 1 " Thus, 
methods will seed to bo developed for repeated CD34* selec- 
tions of the graft, or maximally effective purging of cancer 
cells may require a combination of positive and negative 
selection rnetfaodologiBs. 

Recent reports sagger t that mobilized blood allografts re- 
constitute hernetopolesU with a low Incidence and severity 
of GVHD. 19 " CD34* cell selection is being Used in recently 
initiated trials for reverse purging of T lymphocyte* from 
allogeneic donor mobilized blood eel] grafts. Graft rejection, 
reported In several but not all trials using T-lymphocyte 
depletion of allogeneic grafts, 1 * 1,121 may not be a major prob- 
lem when the largo numbers of CD34* cells obtained from 
mobilized blood are arJrriinlstBMd. ,w,IM Future studies could 
address die presence of s graft- vtmit-ltukeml* (CVL) effect 
after CD34* transplants, end even attempt to induce GVL 
if needed. 1 " Demonstration of donor-derived lymphohetna- 
topoiesis yean after allogenele transplants of highly puriAad 
Q)34 <p cells would provide final proof in humans that pluri- 
poiem lympbrmrenBtcpoiedn stem oelll an contained in me 
CD34* coll population,' n 

CD34 + selection is ateo in use » concentrate stem cells 
for Bene therapy trials," 7 CD34* stem cell enrichment Is 
perf or m ed to Increase the retrovirus: oel 1 ndo in the subse- 
quent ex vivo retroviral infection protocols. This is currently 
necessary because high titers of the appropriate retroviruses 
cannot yet be obtained, and retroviral iafection of stem cells 
is inefficient- 

Wlth the availability of many hematopoietic growth fac- 
tors, li has become reasonable to consider ex vivo culture 
expansion of clinical transplant grafts (eg, ref 128). Of con- 
cern, currant cultures result in inweases in the numbers of 
total cells and progenitor cells, but the frequencies of CDS 4* 
ceils after 1 week of culture decrease to very low levels. 
Thug, expansion is mainly linked to maturation, tour mere la 
also evidence in mice that sufficient plurfpotem stem cells 
are still present in ex vivo cultured grafts 199 Recently, the 
first clinical trial was reported using ex vivo expanded 
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CD34* blood cells as the autologous transplant graft. * 
Prompt etigjiftmern was observed after a^tatlrustraricm to 
myeloablated patients of cultures initiated with about 10% 
of the usually required numbers of CD34* cells (ie, O^iS 
million CD34 4 oella/kg). However, the long-term bj- 
graftmeni potential of these cells cannot b« determined In 
dill autologous getting. If long-term repopulntlng capacity 
can be shown, it might become possible to culture sufficient 
«em/pro£enitor cells for an average adult transplant from 
500 to 1,000 mL of "ntobilUed" blood, thus reducing time, 
risk, cost, and tumor contamination of blood stem cell far* 
vesting. 
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